clinical history associated with pathognomonic electrocardiographic changes, with Q waves, ST elevation, and T wave inversion in 42 patients; in eight patients, however, electrocardiographic changes suggestive of infarction (ST and T wave changes with Q waves, or LBBB) were seen, supported by a history of prolonged cardiac pain and a significant rise of the lactate dehydrogenase enzyme (above 200 units, with over 50% heatstable). Confirmation at necropsy was obtained in nine patients.
There were 40 men and 10 women. The average age of the men was 57-8 years, with a range of 32 to 76 years, and of the women it was 58-8, with a range of 42 to 73 years. Forty patients were admitted suffering from their first attack of cardiac infarction, of whom 14 had had previous angina; eight patients had a clear history of a previous infarct, supported by electrocardiographic evidence in five; the remaining two patients had had more than one previous infarct. The electrocardiographic evidence of the site of the recent infarct was classified as anterior in 22, posterior in five, and combined in 17 patients. In the remaining six, previous infarcts in two and the presence of left bundle-branch block in four made the siting of the recent acute infarct difficult. With four exceptions, all patients were admitted to hospital within 48 hours of the onset of infarction, 21 patients being admitted within six hours. Only 12 of the 50 patients were known to be hypertensive, though a higher incidence of previous hypertension might have been found if blood pressure measurements before infarction had always been available. One patient had diabetes. Twenty-one patients showed radiological evidence of pulmonary cedema.
During the first week after admission patients were treated in the intensive care ward and special nursing care and observation were provided day and night. The pulse and blood pressure were recorded every half-hour initially. Oscilloscopes were placed in the intensive care ward, in the Sister's office, and in the cardiac laboratory, so that the whole team could be kept informed as closely as possible of the patient's progress. Signs of FIG. lb.-Detail of press-stud electrode. 1 = chest wall; 2 = plastic cup; 3 = Beckman's jelly; 4 = press-stud electrode; 5= electrocardiographic lead.
FIG. la.-Position of press-stud electrode on chest wall. B-A= right chest lead; C-A=left chest lead; E = earth.
early heart failure or complications, such as a pericardial friction rub, were carefully looked for. Standard electrocardiograms, chest radiographs, and serum enzyme and electrolyte estimations were performed routinely. During the course of this period of intensive care and investigation every effort was made to encourage rest, to allay anxiety, and to disturb the patients as little as possible. Continuous recording of the electrocardiogram was begun immediately, on admission to hospital. Two selected electrocardiographic leads were recorded on magnetic tape for between two to seven days, the magnetic tape being changed every 24 hours. After the first week continuous recording was stopped provided all serious arrhythmias had ceased, and thereafter the electrocardiogram was monitored on a bedside oscilloscope for two to four weeks. Initially standard leads were used for continuous recording but later special bipolar chest leads were found to be preferable as they allowed free movement of the limbs. Fig. 1 shows the position of the electrodes on the chest. Leads were recorded between A and B and between A and C ( Fig. la) , giving tracings broadly similar to conventional leads II and V4, respectively. Twice the normal sensitivity was used, 1 mV being equivalent to a 2 cm. deflection.
A satisfactory method of securing the electrocardiographic leads to the electrodes presented a technical problem, since the leads had to be easily detachable for nursing purposes. This was overcome by the use of a special press stud electrode, incorporated in a plastic cup in which the Beckman's* electrode jelly was placed (Fig. ib) and the cup w,as then fixed to the chest wall by Beckman's adhesive tape. Shaving the chest was necessary to ensure good contact. The electrode usually required changing every 24 hours.
The magnetic tape was analysed subsequently by playing back the electrocardiogram on an oscilloscope, sampling a few minutes in each hour's recording. Each sample was photographed with a Cambridge camera.
* From Faraday Electronics, Blue Town, Sheerness, Kent. The onset and cessation of arrhythmias were traced by playing preceding and subsequent portions of the tape and these were then photographed. A clinical episode suggestive of an arrhythmia, such as a faint or palpitation, could be located on the tape by signals from a clock, recorded on the tape.
In nine patients central venous or brachial arterial pressures were recorded during an arrhythmia. These pressures were taken through fine polyethylene catheters (PE60 Intramedic) attached to a P23Gb Statham strain gauge transducer. The catheters were introduced percutaneously under local anesthetic into the antecubital vein and the brachial artery by the Seldinger technique (1953) .
Necropsies were carried out in nine of the 12 patients who died: post-mortem coronary arteriography was performed in six cases. The coronary arteries were injected with Raybar Cream (barium sulphate 50% v/w) and gelatin mixture according to the method employed by Harrison and Wood (1949) . The injected hearts were x-rayed before and after the dissection which followed the method of Lumb and Hardy (1964) . The pacemaker and conducting system were also studied in detail in 7 of these cases. The sino-atrial node was examined according to Hudson (1960) and the A-V node and bundle according to Lev, Widran, and Erickson (1951) . Sections, however, were taken at 2 mm. steps instead of serially. They were cut at 5 t and stained with hemotoxylin and eosin and Weigert's elastic van Gieson method. In addition, evidence of infarction in the atrial wall was carefully looked for. Dating of the infarction was based on the criteria of Lodge-Patch (1951) .
RESULTS
Grouping of Arrhythmias. We have divided the 50 patients into six groups based on the over-all cardiac response to the dominant arrhythmia during the first 10 days after infarction. These were as follows: (1) (Kouwenhoven, Jude, and Knickerbocker, 1960) and ventricular fibrillation was terminated with external D.C. countershock, using a Lown cardioverter (Lown, Amarasingham, and Neuman, 1962) . SUPRAVENTRIcULAR TACHYCARDIA GROUP (7 patients: 1 death)
The atrial arrhythmias seen in the seven patients in this group all occurred within the first week of infarction after which, with two exceptions, they did not recur. The paroxysms of arrhythmia usually lasted 12 to 18 hours. During these episodes many changing arrhythmias followed one another, often interspersed with runs of sinus rhythm, but in all, atrial fibrillation developed at some point. Thus, sinus rhythm would be followed by atrial or ventricular extrasystoles, nodal rhythm, flutter, and then fibrillation, and these rhythms would frequently recur and follow one another in varied succession (Fig. 2) .
The commonest type of atrial fibrillation in this group was of the so-called flutter-fibrillation variety (Jouve, Senez, and Pierron, 1954; Spang, 1957) , in which a regular atrial rate of between 300 and 400 a minute was associated with an irregular response. In addition, sudden abrupt variations in the atrial flutter-fibrillation rate were noted (e.g. from 300 to 375 to 300 to 400 a minute).
With two exceptions, the patients were in left ventricular failure as a result of the cardiac infarct, and this antedated the onset of the arrhythmia. In general they tolerated atrial fibrillation fairly well, though in the 4 patients whose clinical picture was most grave, it resulted in a fall in systolic blood pressure below 100 mm. Hg.
Treatment was directed to improving the general state of the patient and correcting any hemodynamic deterioration resulting from the arrhythmia, rather than to arresting the arrhythmia itself. Oxygen at 4 litres/min. was administered routinely; diuretics were given as required for left ventricular failure. Transient hypotension accompanying paroxysms of atrial fibrillation was treated by raising the legs of the patient who was already being nursed lying flat. This manceuvre was sufficient to restore systolic blood pressure to at least 100 mm. Hg and did not appear to cause increasing breathlessness, in spite of the fact that the patients had radiological evidence of pulmonary cedema. In only one patient was it necessary to give aramine to maintain the blood pressure.
Although (Pick and Dominguez, 1957) . The remaining patient showed periods of nodal rhythm alone. The time of onset of these arrhythmias was less constant than in the supraventricular group. In two patients the arrhythmia developed and ceased spontaneously within the first four days. In the other two, however, the arrhythmia did not develop until about the end of the first week, lasting for up to three weeks in one, while in the other sinus rhythm returned on the tenth day after infarction.
In three of the four patients in this group, brachial arterial and central venous pressures were recorded during the arrhythmia. Fig. 3 Where atrio-ventricular dissociation was present, the sino-atrial and atrio-ventricular nodes were usually found to be beating at similar rates, the sino-atrial node showing slight phasic variation due to sinus arrhythmia while the atrio-ventricular nodal rate remained constant. As a result, in a long electrocardiographic strip, the P wave moved gradually forwards into the QRS complex ("flottement de l'onde P", Jouve et al., 1954) and then retreated backwards from it again during the phasic variations in the sinus rate (Fig. 3) .
Since the ventricular rate was not unduly rapid (between 60 and 100) it was decided to attempt conversion to sinus rhythm by giving intravenous atropine (0-40-6 mg.). This immediately terminated atrio-ventricular dissociation in two of the patients, for with speeding up of the sino-atrial node, sinus capture of the atrio-ventricular node occurred. Since restoration of normal rhythm with return of atrial transport function resulted in a return of blood pressure to pre-existing levels, attempts were made to maintain sinus rhythm by repeated doses of atropine until it spontaneously returned.
The 61-year-old patient with a five-year history of angina, who developed an acute ventricular aneurysm and chronic left ventricular failure, was ;1 1 i i l l l l l l l I I i ll On the 26th day after infarction, 16 days after nodal rhythm had ceased, he died in chronic hypotensive heart failure. The terminal arrhythmia interrupting sinus rhythm was not recorded. At necropsy, described in detail later, a large aneurysmal antero-septal myocardial infarction was found and both main coronary arteries showed almost complete occlusion (see Fig. 11 ). In summary, in the atrial transport dysfunction group, nodal rhythm or atrio-ventricular dissociation starting during the first week after the infarction was associated with a fall in blood pressure consequent on loss of atrial transport function. In three of four patients, the fall in pressure was slight, but it was more pronounced in the patient developing an aneurysm. In all four, the arrhythmia finally ceased spontaneously. Temporary conversion to sinus rhythm was achieved by intravenous atropine in two patients with accompanying rise of blood pressure to a normal level. SUPRAVENTRICULAR BRADYCARDIA GROUP (12 patients: 2 deaths) (a) Vasovagal Attacks. The six patients in this group had sudden episodes of bradycardia with a ventricular rate of between 30 and 50 a minute. In all six patients the systolic blood pressure fell below 100 mm. Hg, and in three it was recorded as low as 60 mm. Hg. With one exception, these episodes all occurred within the first 48 hours, at a time when the patient was requiring frequent treatment with morphia or pethidine for relief of the severe pain accompanying the cardiac infarct. The patients were pale, sweating, nauseated, and sometimes confused mentally. The electrocardiogram showed either sinus rhythm or a wandering atrial pacemaker. The attacks had, therefore, the characteristics of vasovagal episodes (Fig. 4) In view of the special proneness to vasovagal attacks of patients with the syndrome of posterior infarction, sinus bradycardia, and severe cardiac pain (Table I) , special watch was kept for these during the first 48 hours after infarction. All such patients were treated prophylactically by nursing them lying flat. When an attack developed, the foot of the bed was raised and atropine (0-4-0-6 mg.) was injected intravenously. (In addition, in one patient isoprenaline was also given.) With this treatment the pulse rapidly quickened, the blood pressure returned to its previous levels, and the patient's general condition rapidly improved. Both patients in whom ventricular tachycardia was the dominant arrhythmia during the first three days after infarction survived and made a good recovery. Their runs of ventricular tachycardia lasted up to 17 seconds. They were preceded by severe anginal pain and accompanied by palpitation. There was no accompanying faintness and the attacks were too short to allow for measurement of the blood pressure by sphygmomanometer. The first patient was a woman of 50 with a large anterior and posterior infarct, in whom the episodes were observed only on the monitoring bedside oscilloscope. In the second patient, a man of 46 with extensive anterior infarction, continuous recording on electromagnetic tape was obtained. Both were in early left heart failure.
The serial electrocardiographic changes in the second patient were studied in detail (Fig. 5) . On the third day after infarction, there were frequent runs of coupled ventricular extrasystoles, followed by bursts of ventricular tachycardia. The extrasystoles were not early in time at first, but later, after a run of ventricular tachycardia, they became earlier, interrupting the T wave of the previous sinus beat (Smirk and Palmer, 1960 Fig. 1 ). 23-05 hr., sinus rhythm; 23-10 hr., partial left bundle-branch block. 23-15 hr., coupled ventricular extrasystoles; two consecutive extrasystoles in centre, the second resembling QRS during ventricular tachycardia. 2316 hr., coupled ventricular extrasystoles followed by ventricular tachycardia. 23-16 hr. and 16 sec., cessation of ventricular tachycardia, followed by coupled ventricular extrasystoles, with R upon T phenomenon. 24-00 hr., sinus rhythm with normal conduction. this patient had three separate short episodes of ventricular tachycardia during the third day.
In view of the grave associations of these arrhythmias, propranolol therapy was given, in a dose of 80 mg. orally daily. On the following day no further ventricular tachycardia occurred, though coupled ventricular extrasystoles continued with unabated frequency. Finally on the fifth day, after a short paroxysm of atrial fibrillation, sinus rhythm returned and the patient made an uninterrupted recovery. The other patient, in whom ventricular tachycardia was observed on the oscilloscope alone, was not given propranolol, and the paroxysms of tachycardia stopped spontaneously after 24 hours.
In assessing the significance and prognosis of ventricular tachycardia in acute cardiac infarction, we feel that a clear distinction should be made between two groups. On the one hand, there are the patients in whom the general cardiovascular condition is good, who develop short runs of paroxysmal ventricular tachycardia during the first week and who often recover. On the other hand, there are those in chronic hypotensive and congestive heart failure, in whom runs of ventricular tachycardia merely form part of a varying pattern of agonal arrhythmias. VENTRICULAR BRADYCARDIA GROUP (8 patients: all died) The eight patients in this group developed complete heart block or idio-ventricular rhythm. In four, heart block appeared merely as an agonal rhythm lasting for a few minutes, while in the other four heart block was more prolonged and associated with Stokes-Adams attacks lasting up to two days.
(a) Agonal Complete Heart Block (4 patients). Three of these four patients, aged 60, 69, and 76 years, who developed a short period of terminal heart block had been in hypotensive congestive (Fig. 7) ; in the other there was a tendency to further pressure falls after each successive period of ventricular standstill (Fig. 8) preceding the onset of atrial fibrillation (Fig. 9) , while in the remaining four, a normal sinus beat was immediately followed by fibrillation. In the two patients with coupled atrial extrasystoles preceding fibrillation the arrhythmia was of the flutter-fibrillation type, with regular but varying atrial F wave rates, between 300 and 400 a minute, but an irregular ventricular rate. The preceding coupled atrial extrasystoles were not particularly early in relation to the previous sinus beat, the P-P' interval being 0 36 sec. in one and 0-48 sec. in the other. The final extrasystole introducing flutterfibrillation did not differ in any respect from the preceding runs of coupled atrial ectopic beats. Both patients had more than one paroxysm of atrial fibrillation; on each occasion the same sequence was repeated, frequent coupled atrial extrasystoles being followed by atrial fibrillation.
The mechanism underlying the sequential development of atrial extrasystoles and atrial flutterfibrillation is probably complex, though the concept of the atria shocking themselves into fibrillation during their vulnerable period appears attractive at first sight. This, however, leaves unexplained the cause of the frequent extrasystoles, and also the unusual vulnerability of the atria to a stimulus that in a healthy heart would be unlikely to produce fibrillation. It seems more likely that shortening of the refractory period may be responsible for both these phenomena. Myocardial anoxia and increased vagal tone may both occur in acute myocardial infarction, and these factors are known to cause shortening of the atrial refractory period. This in turn facilitates the development of atrial fibrillation (Webb and Hollander, 1956; Burn, 1960) . Shortening of the refractory period also affects the timing of the supernormal period (Burchell, 1963) , when extrasystoles may be provoked by a subliminal stimulus. It seems likely, therefore, in this way that an underlying change in the refractory period is responsible both for extrasystoles and flutter-fibrillation in these patients with acute cardiac infarction.
(b) Onset of Ventricular Tachycardia. Of the seven patients who developed runs of ventricular tachycardia, the moment of onset of tachycardia was recorded on the electromagnetic tape in four. Of these four, three had frequent coupled ventricular ectopic beats immediately preceding the onset of ventricular tachycardia, while in the remaining patient, bursts of ventricular tachycardia interrupted complete heart block.
The prodromal pattern of ventricular extrasystoles preceding ventricular tachycardia varied. Only one of the three patients showed unusually A group.bmj.com on June 15, 2017 -Published by http://heart.bmj.com/ Downloaded from early extrasystoles, interrupting the T wave of the previous sinus beat (Smirk and Palmer, 1960) , while in the other two patients, the ventricular extrasystoles fell clear of the T wave. A constant prodromal sign in our three patients was the occurrence of two successive ventricular extrasystoles, the second showing marked ST segment shift. This second extrasystole resembled the QRST complex seen later in the sinus of ventricular tachycardia (Fig. 5) . In this way the ventricular tachycardia appeared to show a stuttering onset.
It seems likely that a similar mechanism operates in the ventricles, in the development of ventricular tachycardia, as operates in the atria, with atrial flutter-fibrillation. The myocardial ischtemia causes shortening of the ventricular refractory period. As a result of the shortened refractory period, both ventricular extrasystoles and ventricular tachycardia are facilitated.
GENERAL FACTORS INFLUENCING PROGNOSIS
It is well known that certain general factors, including age, heart failure, associated hypotension, and the length of history of ischmmic heart disease, influence the prognosis in acute cardiac infarction (McMichael and Parry, 1960; Peel et al., 1962) . The expected correlation with such factors was found in our series of 50 patients (Table II) . Thus, Necropsies were obtained in nine patients in this series: in six the coronary arteries were injected after death and, in addition, in seven, careful study was made of the pacemaker nodes and the atrioventricular bundle. The findings are summarized in Table III , and discussed according to the predominant arrhythmia during the terminal infarction.
Atrial Fibrillation (1 case) (Patient H.R.). This 62-year-old hypertensive patient had paroxysmal atrial flutter-fibrillation during the first four days after cardiac infarction. She died two months later in chronic heart failure. The heart was of increased weight at necropsy (435 g.). There was a fibrous antero-septal infarct of two months' duration, with some aneurysmal dilatation. No atrial infarction was seen. Coronary injection showed irregular narrowing in both vessels with severe narrowing in one portion of the anterior descending branch of the left coronary artery. The sino-atrial node was supplied by an apparently normal branch from each coronary artery. The sino-atrial node itself was largely replaced by adipose and fibrous tissue, but a few remaining strands of nodal tissue were seen close to the artery (Fig. 10) . The atrio-ventricular node and bundle were within normal limits.
It is doubtful how much significance can be attached to the partial replacement of the sino-atrial node by adipose and fibrous tissue in the 62-year-old patient with paroxysmal atrial fibrillation, since similar histological changes may be met in controls of the same age.
Atrio-ventricular Dissocation and Nodal Rhythm (1 case) (Patient S.). This 61-year-old patient had paroxysmal atrio-ventricular rhythms between the sixth and tenth day after infarction. He died a fortnight later in chronic heart failure with signs of a ventricular aneurysm. At necropsy there was biventricular hypertrophy, the heart weighing 570 g. There was an antero-septal infarct of three weeks' duration, with apical aneurysmal dilatation and myocardial thinning. There was no atrial infarction. The injected coronary arteries showed almost complete occlusion of both main branches in two places. The artery to the sino-atrial node arose in front of the site of occlusion in the right coronary artery and appeared normal (Fig. 11) . There was marked avascularity in the region of the aneurysm. No vascularity in region of aneurysm and greatly thinned neighbouring vessels.
The sino-atrial node showed slight increase in fibroelastic tissue (Fig. 12) , while the atrio-ventricular node and bundle appeared normal. Since the amount of fibrosis seen in the sino-atrial node was not more than might be seen in a control of the same age, there was no evidence that this was responsible for the paroxysmal atrio-ventricular dissociation and rhythm during the first 10 days after infarction.
Agonal Ventricular Tachycardia (1 case) (Patient F.). This 74-year-old patient died with a ruptured ventricular septum and congestive heart failure a week after the onset of infarction, his agonal rhythm being ventricular tachycardia. Necropsy confirmed the presence of antero-septal infarction with septal rupture 3 cm. from the apex. Coronary injection showed complete occlusion of the anterior descending coronary artery, with, in addition, irregular narrowing of the left circumflex and the right coronary artery. No abnormality was found in the sino-atrial or atrio-ventricular nodes or the atrioventricular bundle.
Complete Heart Block (6 cases). Three of the patients (aged 72, 67, and 67) developed paroxysmal complete heart block during the first week after cardiac infarction, associated with Stokes-Adams attacks. In the remaining three (aged 76, 60, and 36) complete heart block was seen as a short agonal rhythm. Four were found to have an old posterior cardiac infarct, with, in addition, recent antero-septal infarction. In the remaining two, recent extensive infarction was found, involving in one case the antero-septal and in the other the postero-lateral region. There was extensive coronary atheroma involving both right and left coronary arteries and widespread occlusions in all six patients (Table III) the nodes and conducting bundle in four patients showed no evidence of infarction of these structures. Some fibro-fatty replacement of the atrio-ventricular bundle was seen in two patients, with slight fibrosis of the sinoatrial node in one. Another patient showed a few neutrophils within the bundle. In summary, in six patients with paroxysmal complete heart block after acute myocardial infarction, coronary arterial disease was always widespread and severe. The recent infarct was anterior in five and posterior in one, with, in addition, old posterior infarction in four. The atrio-ventricular bundle and the atrio-ventricular node, however, did not show evidence of frank infarction though there were minor degrees of fibro-fatty replacement.
DISCUSSION
Arrhythmias were found in 80 per cent of our patients, who had been continuously monitored during the first ten days after cardiac infarction.
In previous studies with routine electrocardiography the incidence of arrhythmias had been found to be as low as 14 per cent (Master et al., 1937) , but the high incidence in our series parallels that now being found with continuous monitoring in other centres (Robinson, Sloman, and McRae, 1964; Julian et al., 1964) .
The arrhythmias after acute cardiac infarction were found to be often transient and rapidly changing. Many would have been missed without the aid of continuous monitoring. Most arrhythmias started within the first two days and had stopped by the tenth day. Vasovagal attacks, when these occurred, were restricted to the first 48 hours after infarction. A sudden unexpected fatal arrhythmia without other prodromal rhythm disturbances was only met in one patient.
We have proposed a broad working classification of the arrhythmias in acute cardiac infarction, based on the over-all cardiac response to the dominant arrhythmia:-(1) supraventricular tachycardia (atrial tachycardia, flutter, and fibrillation, grouped together as these rhythms were frequently intermixed); (2) supraventricular bradycardia (sinus bradycardia often associated with vasovagal attacks); (3) atrial transport dysfunction, with varying nodal rhythm or atrio-ventricular dissociation; (4) ventricular tachycardia; (5) ventricular bradycardia, with various forms of heart block and idio-ventricular rhythm; (6) sinus rhythm or extrasystoles only.
The site of the infarct was to some extent related to the type of arrhythmia seen. Thus, all patients in the supraventricular tachycardia group had an anterior infarct, an association previously noted by Rosenbaum and Levine (1941) , though Askey and Neurath (1945) failed to confirm this.
In our patients with nodal rhythm or atrioventricular dissociation the site of the infarct varied, though Pick and Dominguez (1957) and Julian et al. (1964) found an association with posterior cardiac infarction. We believe that autonomic imbalance, with relative increase in vagal tone, probably played a part in the genesis of atrio-ventricular rhythm and dissociation in our patients, since we were able to restore sinus rhythm by giving intravenous atropine.
A more constant association was found between posterior cardiac infarction and bradycardia, either of supraventricular or ventricular type. All but two of our patients with supraventricular bradycardia had a posterior infarct, which was often of only small size. This association had previously been noted by Imperial, Carballo, and Zimmerman (1960); James (1961); and Julian et al. (1964) . Similarly, all but one of our patients developing complete heart block had posterior infarction, though in contrast to those with supraventricular bradycardia, these patients usually had multiple sites of infarction often with recent anterior superimposed on old posterior involvement. The association between posterior infarction and complete heart block is well recognized (Master, Dack, and Jaffe, 1938; Woods and Bames, 1942; Mintz and Katz, 1947; Smith, Keyes, and Denham, 1951; Penton, Miller, and Levine, 1956; Condry and Thompson, 1957; Gilchrist, 1958; Imperial et al., 1960; Beard et al., 1960; Courter, Moffat, and Fowler, 1963; Julian et al., 1964) .
Histology of the Nodes and Bundle. The relatively normal histology of the pacemaker nodes and atrioventricular bundle in the seven patients in whom detailed studies of these were made, accords well with the essentially transient and changing nature of the arrhythmias in our series of patients.
0
In the patient with paroxysmal atrial fibrillation, the artery to the sino-atrial node was found to be patent, though partial replacement of the sinoatrial node was seen. The significance of this fibrosis in the node was doubtful, in that a comparable amount of fibrosis was seen in controls of the same age-group. Our negative findings in this single case differ from James' series (1961) in which he found occlusion of the artery to the sinoatrial node and infarction of the node in patients developing atrial arrhythmias after cardiacinfarction.
Similarly, no evidence of infarction of the atrioventricular node or bundle was seen in four patients with complete heart block, though some fibrous replacement of the bundle was noted in two and infiltration with a few neutrophils in a third. The amount of fibrous replacement was within normal limits for patients of this age-group. In our series, therefore, temporary impairment of the circulation to the atrio-ventricular conducting tissues, without infarction of these tissues, as described by Blondeau, Rizzon, and Lenegre (1961) , seems likely to have been the cause of the complete heart block.
Circulatory Changes Accompanying Arrhythmias. Cardiac catheterization, using a PE60 floating catheter, and direct arterial blood pressure recording provided more detailed understanding of the circulatory changes accompanying the arrhythmias. Short paroxysms of rapid atrial flutter-fibrillation in one patient caused little change in pulmonary arterial and right ventricular end-diastolic pressures. This single observation was in line with our over-all clinical impression that patients tolerated short bursts of atrial fibrillation relatively well. Of special interest were the right atrial and brachial arterial pressures in patients with paroxysmal nodal rhythm or atrio-ventricular dissociation. In these patients with recent cardiac infarction, loss of atrial transport function resulted in a conspicuous fall in systemic blood pressure, with probable fall in stroke output. Similar pressure variations were observed by Braunwald and Frahm (1961) in atrioventricular dissociation in aortic stenosis, and also by Samet et al. (1963) in cardiac pacing in patients with complete heart block.
In complete heart block, different degrees of htemodynamic disturbance were observed in our series. In some the blood pressure was well maintained, but in others a fall of pressure occurred with the onset of heart block, the heart failing to increase its stroke output sufficiently to compensate for the bradycardia. In dying patients with agonal complete heart block virtually no pulse pressure accompanied continuing electrical activity in the electrocardiogram.
Treatment of the arrhythmias was guided in most cases primarily by the circulatory state, as the arrhythmias were often transient. We also tried to avoid, as far as possible, any drug that might itself introduce other complicating arrhythmias. In the treatment of heart failure, diuretics with salt restriction formed the mainstay of therapy. Digitalis was used sparingly, because of its known arrhythmogenic properties. Continuous oxygen in a 30 to 40 per cent mixture by mask was helpful in raising the slightly lowered partial pressure of oxygen in some of these patients. We routinely nursed patients lying flat, thus to some extent maintaining their blood pressure by postural means alone, without the use of vasoconstrictor drugs, with their possible peripheral, ischemic, and arrhythmogenic comphlcations.
In the treatment of rapid supraventricular tachycardia, including atrial fibrillation, we rarely found it necessary to use digitalis, unless a prolonged rapid bout of atrial fibrillation occurred. As already described, these arrhythmias were paroxysmal, usually short-lived, and relatively well tolerated, and they terminated spontaneously in all patients. We never had to use quinidine or procaine amide.
In treating supraventricular bradycardia, rapid measures to cut short a vasovagal attack often heralded by nausea and vomiting were of importance. We noted a syndrome consisting of posterior cardiac infarction, a tendency to sinus bradycardia, and repeated attacks of chest pain requiring analgesics, and found that this was often followed by one or more vasovagal attacks within the first 48 hours. By keeping special watch on these patients, it was possible to combat the vasovagal attack immediately, raising the foot of the bed and giving intravenous atropine. Intravenous atropine has been advocated by others in the treatment of posterior cardiac infarction with bradycardia (James, 1962; Hellerstein and Turell, 1964) .
A fall in systemic blood pressure accompanied the onset of nodal rhythm or atrio-ventricular dissociation in our patients, none of whom had a rapid ventricular rate. We therefore attempted to restore and maintain sinus rhythm by repeated doses of intravenous atropine. The blood pressure rose to its previous levels on restoration of sinus rhythm. Julian et al. (1964) found this rhythm in 8 per cent of their patients with cardiac infarction, but considered it of little clinical importance.
Our limited experience with ventricular tachycardia, in patients whose general condition was good, did not enable us to form definite views about treatment. In one of our two patients, propranolol was given, and this may have helped to prevent a recurrence of ventricular tachycardia and to abolish coupled ventricular extrasystoles.
Our results in the treatment of complete heart block after acute infarction were disappointing. We believe that pacing of the heart is indicated in these patients if a resulting inadequate cardiac output or Stokes-Adams attacks supervene, and that an internal pacing catheter should not be removed prematurely. It has been our practice to give steroids on an empirical basis. We have also given isoprenaline, but feel that this drug predisposes to various other types of complicating arrhythmias, such as paroxysmal supraventricular or ventricular tachycardia.
Prognosis in Relation to General Clinical Picture. Assessment of the prognosis of the arrhythmias after acute cardiac infarction can only usefully be made in relation to the clinical picture as a whole. We feel that the patient's age, associated diseases, such as hypertension or diabetes, the length of the history of isch;mic heart disease, the number of previous infarcts and their extent, the size of the heart, and the presence of heart failure, must all be given due weight in assessing the outcome in the individual patient. The occurrence of the same arrhythmia in different patients and under different circumstances will carry a different prognosis.
Prognosis in Relation to Type of Arrhythmia. Many investigators (Chambers, 1946; Billings et al., 1949; Smith et al., 1951; Beard et al., 1960; Imperial et al., 1960; Griffith, Leak, and Hegde, 1962) found atrial fibrillation to be associated with an increased mortality, though others (Mintz and Katz, 1947; Julian et al., 1964) failed to observe this. Askey and Neurath (1945) found that, if atrial fibrillation was transient and lasted less than 24 hours, the mortality was little affected, whereas, if it was more persistent, the mortality increased. In our series the mortality in this group whose dominant arrhythmia was supraventricular tachycardia did not differ significantly from that of the group as a whole. In all our patients the individual episodes of atrial fibrillation lasted less than 24 hours. In the single patient who died, both the large size of the infarct, with aneurysm formation, and chronic heart failure, after re-establishment of sinus rhythm, contributed to the fatal outcome.
Nodal rhythm and atrio-ventricular dissociation carried a good prognosis in three patients: the fourth died, but he had developed a cardiac aneurysm with chronic heart failure. We feel that this transient arrhythmia, which ceased several weeks before death, was merely an incidental factor in a patient whose death was due to extensive myocardial damage.
Supraventricular bradycardia with vasovagal attacks has carried a good prognosis in our series. We believe that this in part reflects improved treatment, nursing patients flat prophylactically to maintain blood pressure, and raising the legs and giving atropine immediately vasovagal symptoms occur. Such patients are sometimes described as "shocked" and have in the past presented difficulties in management. Provided the myocardial pump remains sound and simple physical measures are instituted to maintain blood pressures and combat excessive vagal activity, the prognosis appears to be good. The single patient who died in this group had a severe infarct, was in congestive failure, and was suffering from acute anuria, requiring dialysis, and his death was unrelated in time to the vasovagal attack.
Short bursts of ventricular tachycardia in patients whose general condition was good were an infrequent arrhythmia in our series, but in both our patients the outcome was satisfactory. Transitory ventricular tachycardia was met as a terminal rhythm preceding ventricular fibrillation or standstill in severely ill patients (Jouve et al., 1954) .
The prognosis in heart block developing after acute infarction has been found to vary widely in different series, the mortality rate being between 36 per cent (Gilchrist, 1958) and 100 per cent (Mintz and Katz, 1947; Woods and Barnes, 1942) . The average mortality in 154 cases collected from 11 series was 48 per cent (Master et al., 1938; Woods and Barnes, 1942; Mintz and Katz, 1947; Smith et al., 1951; Penton et al., 1956; Condry and Thompson, 1957; Gilchrist, 1958; Imperial et al., 1960; Beard et al., 1960; Courter et al., 1963) . All the patients in our series died. One might have survived, but succumbed to a second fatal arrhythmia, terminally in ventricular fibrillation, after initial successful treatment of heart block by endocardial pacing.
We feel that to consider complete heart block as a single entity from the point of view of prognosis is misleading. Many different degrees of associated myocardial damage and hemodynamic disability may be met. A fall in blood pressure with the onset of complete heart block is probably a bad prognostic sign, indicating that the heart is unable to increase its stroke output sufficiently to compensate for the bradycardia. Where the blood pressure is well maintained, the chances of recovery are better. Factors such as these, together with other general clinical considerations, including the presence of heart failure and size of the infarct, probably account for the widely varying mortality figures reported for complete heart block.
The prognosis with uninterrupted sinus rhythm, or extrasystoles only, was found to be good, reflect--ing in general the relatively minor nature of the infarcts in these patients. Only one patient died without some premonitory arrhythmia: in his case, death was sudden and unexpected, in which a short burst of agonal complete heart block followed by asystole was observed. The association of an old posterior with one recent and one very recent anterior infarct in this patient's heart may have been an important factor predisposing to the onset of complete heart block, which in his case proved to be an agonal arrhythmia.
SuMMARY
The cardiac rhythm in 50 consecutive patients suffering from acute cardiac infarction was studied clinically and with continuous electrocardiographic monitoring. The central venous, or brachial arterial, pressure was recorded in seven patients during an arrhythmia. Necropsies were obtained in nine of the 12 patients who died. Injection of the coronary arterial tree after death was performed in six, and special examination of the sinoatrial node and atrio-ventricular node and bundle was made in seven.
The incidence, natural history, and clinical course of the arrhythmias after acute cardiac infarction are presented, with special emphasis on their haemodynamic effects. The arrhythmias have been divided into certain broad clinical groups. Their etiology, in relation to prodromal extrasystoles and to the underlying pathology, is discussed. Finally, their prognosis and management are described. Episodes of ventricular fibrillation occurred in 13 patients, in 10 of whom attempts at resuscitation were made. A total of 18 episodes of ventricular fibrillation were treated, using external cardiac massage and D.C. conversion in 17, and cardiac massage alone (with success) in one. Resuscitation was successful in restoring sinus rhythm in 17 of the 18 episodes, but an effective heart beat was only restored in 15 episodes. The maximum number of episodes successfully treated in one patient was five.
APPENDIX
Four patients left hospital after successful resuscitation from ventricular fibrillation. Nine died, in six of whom resuscitation from one or more attacks of ventricular fibrillation had been carried out.
Episodes of ventricular standstill occurred in six patients; in three patients the episodes terminated spontaneously and in three resuscitation was given. A total of 10 episodes of ventricular standstill were treated by external cardiac massage, with reversion to sinus rhythm in every episode and re-establishment of an effective heart beat in nine. The maximum number of episodes successfully treated in one patient was five. Only one patient left hospital after episodes of ventricular arrest, but these had not required cardiac massage.
Internal cardiac pacing was carried out in five out of six patients who developed complete heart block. Four were having Stokes-Adams attacks, with episodes of ventricular standstill, and the fifth had shorter episodes of standstill, not associated with unconsciousness. Satisfactory pacing was achieved in only two of these five seriously ill patients. One patient left hospital after a period of successful pacing.
